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The normal phase of many unconventional superconductors is a “bad metal,” identified by inco-
herence in the quasi-particle spectrum, among other features. Hund’s correlation has been identified
as one strong source of bad metallicity in multi-band superconducting manifold. Using FeSe as a rep-
resentative Hund’s metal, we show that the superconducting critical temperature Tc is controlled by
incoherence. In FeSe it is the dxy orbital which becomes strongly incoherent, in presence of Hund’s
coupling J, when it is proximate to the Fermi level. Small excursions in J cause colossal changes in
Tc. By applying a recently developed, high-fidelity ab initio theory as a starting reference to crys-
talline FeSe, we consider various kinds excursions in parameter space around the ab initio values,
to determine what controls Tc. In addition to tuning J we consider doping, and structural changes
by varying the Se position in both bulk and monolayer variants of FeSe. The twin combination
of proximity of the dxy state to the Fermi energy, and the strength of J emerge as the primary
criterion for incoherent spectral response that in turn controls Tc. Using constrained RPA we show
that experimentally accessible techniques can modify J by of order 100 meV, and give rise to dra-
matic changes in Tc. Our study, effectively, opens a paradigm for a unified understanding what
controls Tc in bulk, layers, and interfaces of Hund’s metals by hole pocket and electron screening
cloud engineering.
Realizing superconductors at a practicable tempera-
ture has been one of the ‘holy grails’ of modern day
materials research. Most conventional superconductors,
governed by the BCS mechanism of Cooper pairing medi-
ated by electron-phonon coupling, are found to have low
superconducting critical temperature Tc. Stronger elec-
tronic correlations observed in most cuprates and iron-
based superconductors have, more often than not, real-
ized higher Tc’s. This has posed an interesting question:
is strong electronic correlations prerequisite for higher
Tc’s
1,2? However, strong electronic correlations mani-
fest itself in several forms: Mott-insulating states, bad
metals and quantum critical scaling features are some
among many. While Tc maximizes far from the Mott
state in cuprates, in iron arsenides3 and some f-electron
based systems4–6, Tc maximizes in the proximity of a
Mott state. On the other hand in almost all cuprates
and iron based superconductors there appears a ‘bad
metal’ phase7–16 which is normal to the superconduct-
ing phase. Interestingly, this bad metallic phase is ab-
sent from the normal phase of all electron-phonon cou-
pling mediated conventional superconductors. This ‘bad
metal’ is a metallic phase characterized by unusually
low quasi-particle weight, large single-particle scatter-
ing rates, poor and anomalous electron transport. Un-
derstanding the microscopic origin of such bad metallic
behavior, hence, is at the core of investigation into the
’universal’ precursors to the unconventional high-Tc su-
perconductivity. One primary conclusion of this paper is
that incoherent spin fluctuations, controlled by Hund’s
coupling, in the vicinity of an antiferromagnetic ordering
vector are the prime controlling element that governs Tc
in several variants of FeSe.
In recent years, Hund’s coupling have been shown to
play an important role in controlling bad metallic fea-
tures17,18, for example through small departures from
the half-filled Mott limit (d1, d5, d9 configurations), which
can lead to strong electronic correlations17,19,20. In par-
ticular, it plays an important role in controlling single-
and two-particle spectral properties of Sr2RuO4
21–24 in
the normal phase. Sr2RuO4, with a modest Tc of 1.45 K
under ambient conditions (reaching 3.4 K under uniax-
ial strain), has a 3-band manifold near the Fermi level
EF comprised of t2g like states. It is in a 4d
4 electronic
configuration, well away from the Mott limit (both in its
filling and d bandwidth). It has a bad metallic phase for
T > TFL=25 K
25–28; incoherence seems to be connected
with a large continuum of background fluctuations with
a sharp peak in the vicinity of k points (±0.3,±0.3)2pi/a
in the 2D Brillouin zone21,24.
FeSe is also far from the half-filled Mott limit with
a 3d6 electronic configuration and all five d states ac-
tive near EF , but with spin-orbit coupling smaller than
its 4d counterparts. There is a phase transition to the
orthorhombic phase at 90 K29. Spin fluctuations are con-
centrated in a region around the antiferromagnetic point,
which is (1/2, 1/2)2pi/a in the Brillouin of the two Fe-
atom unit cell (which is (1, 0) in one fe-atom unit cell);
though there is a smaller contribution at (1/2, 0). Experi-
mentally, “Hundness” has been found to highly orbital se-
lective in FeSe.30. Superconductivity is widely thought to
be spin singlet character, likely of s±31,32. In bulk FeSe
Tc=9 K, but it can increase up to 75 K when deposited
as a monolayer SrTiO3
33, and 109 K on doped SrTiO3.
34
Thus while “Hundness” has been found to be important
in controlling the single- and two-particle spectral prop-
erties of FeSe30,35,36, the multiplicity of factors (orbital
character, spin-orbit coupling, shape of Fermi surface and
dispersion of states around it, differences in susceptibil-
ities that drive superconductivity, nematicity) obfuscate
to what extent Hundness, or other factors, drive super-
conductivity.
In this work we isolate the effect of “Hundness” by
making excursions in the Hund’s parameter J as a free
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2parameter. We further show, using constrained RPA,
that J can be tuned by varying the screening through,
e.g. changes in the geometry such as the change from
bulk to monolayer. We also show that while Hundness
plays a central role, it alone does not control Tc. For FeSe
in particular, we show that Hundness primarily affects
the dxy orbital, and that in addition to J the position of
this orbital is crucial in governing Tc.
We begin with a high fidelity ab initio Hamilto-
nian, which merges quasiparticle self consistent GW
(QSGW ) approximation37 with dynamical mean field
theory (DMFT)21,38,39. The latter is solved for all five
Fe-3d orbitals using a Continuous time Quantum Monte
Carlo technique (CTQMC) on a rotationally invariant
Coulomb interaction. QSGW captures non-local dy-
namic correlation particularly well in the charge chan-
nel40,41, but cannot adequately capture effects of spin
fluctuations. DMFT does an excellent job at the latter,
which are strong but mostly controlled by a local effec-
tive interaction given by U and J . These are calculated
within the constrained RPA from the QSGW Hamilto-
nian using an approach similar to that of Ref.42.
Given a self-energy generated by QSGW+DMFT, spin
and charge susceptibilities are obtained via the solutions
of non-local Bethe Salpeter equation that links the local
vertex (computed from the two-particle Green’s function
by DMFT) and nonlocal bubble diagrams. The numer-
ical implementation is discussed in Pashov et. al.41 and
codes are available on the open source electron structure
suite Questaal43. Additionally we compute the particle-
particle vertex functions and solve the linearized Eliash-
berg equation21,44,45 to compute the superconducting
susceptibilities and eigenvalues of superconducting gap
instabilities. QSGW+DMFT+BSE reproduces the main
features of neutron structure factor46,47. Starting from
the observed structure and ab initio Hamiltonian as a
reference,
For the crystal, we find U=3.4 eV and J=0.6 eV from
c-RPA calculated using the QSGW band structure. To
assess the role of “Hundness” we perform a family of cal-
culations making excursion in J between 0 and 1 eV. The
single-particle scattering rate, obtained from low energy
fitting analysis23,49 of imaginary part of the self energy
on the Matsubara axis (explained in SM), is found to
be insensitive to J for J < 0.4 eV. For J between 0.4
and 0.7 eV, it increases almost monotonically. At the
same time the quasi-particle weight (Z factor) which is
0.75 for J=0, decreases with J up to J∼0.68 eV reach-
ing a minimum value of 0.24 (see SM, for Fig. 5 for J
dependence of orbitally resolved Z and scattering rate
Γ) there, and then increases weakly for larger J . Thus
there is smooth transition from coherent to increasingly
incoherence with increasing J . A similar non-monotonic
behavior was observed in previous studies of Hund’s met-
als50. Also Z is found to be strongly orbital selective.
For J < 0.6 eV, it is smallest for dxy
36, followed by dyz,
dz2 and dx2−y2 in increasing order51. Also we find the
scattering rate to be largest for dxy, followed by dyz,
dz2 and dx2−y2 . Similar conclusions were drawn in a re-
cent orbitally resolved quasi-particle scattering interfer-
ence measurements performed by Kostin et al.30 in the
low temperature orthorhombic phase of FeSe. Crucially,
for J in the 0.6-0.7 eV range where the superconducting
instability is strongest, dyz is the orbital is most inco-
herent. The spectral functions shown in Fig. 1 show the
enhanced incoherence due to increased J. At the point
where Tc maximizes (J=0.68 eV) the heaviest electron
with most incoherent single-particle scattering resides in
dxy.
One crucial effect of J is to induce strong correla-
tions: heavy and incoherent quasi-particles emerge with
suppressed dispersion in the bands, which gives rise to
marked changes in the spin susceptibility. Fig. 2 shows
Imχ(q, ω) along the (0, 0)→ (1/2, 0)→ (1/2, 1/2)) lines
(notation is for the true Fe2Se2 unit cell with qz=0).
Increasing J causes Imχ(q, ω) to be significantly com-
pressed in energy, and the peak near (1/2, 1/2) becomes
more intense. It nevertheless continues to be broad in
both momentum and energy, which suppresses the ten-
dency towards magnetic ordering46,47,52. With further
increment in J the (1/2, 1/2) peak loses intensity. Re-
solving Imχ into orbital channels, dxy is seen to be the
leading component. On the (0, 0)→(1/2, 0) it contribut-
ing about 50% of the total with dz2 , dx2−y2 and dxz,yz
combining to contribute the rest. More importantly,
along the path (1/2, 0)→(1/2, 1/2) more than 90% of
Imχ originates from dxy.
How do these striking changes in Imχ correlate with
Tc? The eigenvalues and eigenfunctions of superconduct-
ing susceptibilities, superconducting pairing symmetries
can not be extracted from the spin dynamics alone. We
compute the full two particle scattering amplitude in the
particle-particle channel within our DMFT framework,
and solve Eliashberg equations in the BCS low energy ap-
proximation21,44,45. Resolving the eigenfunctions of the
gap equation, into different inter- and intra-orbital chan-
nels, we find that there are two dominant eigenvalues.
Both eigenvalues increase with J up to J=0.68 eV, and
then decrease (see SM). The corresponding eigenfunc-
tions have extended s± wave character (leading eigen-
value) and dx2−y2 (second eigenvalue); see Fig. 3. We
also find that these instabilities are primarily in the intra-
orbital dxy-dxy channel and the inter-orbital components
are negligible. Tc reaches its maximum value (104 K) in
the bulk crystal at J=0.68 eV. At still larger J, Tc begins
to fall again, correlating with softening of electron masses
and loss of spin fluctuations at q = (1/2, 1/2) (see Fig. 5
in SM).
We next investigate the effect changes to the spec-
tral function, χ and Tc induced by parametric changes
in the one-body Hamiltonian. We first vary the Fe-Se
bond length on Tc, which is typically parameterized by
the height hSe of Se above the Fe basal plane. As hSe
is reduced from its experimental value (0.2655 in units
of the c axis), we find band of primarily dxy character
at the Γ point, and which crosses EF is pushed down.
3FIG. 1. Spectral function A(k, ω) in FeSe. Top panel left to right : bulk FeSe, B-FeSe (J=0.6 eV); same with Hund’s coupling
increased to 0.68 eV; same with reduced Se height above the Fe plane (hSe=0.23). Bottom panel: monolayer of FeSe to simulate
FeSe/STO48. Left to right: hSe=0.254; hSe=0.2655; hSe=0.24. The position of the Fe dxy state is very sensitive to hSe: when
it is fixed to bring dxy state near the Fermi energy, this leads to enhanced incoherence in the spectral features and higher
superconducting Tc. The incoherence is further tuned by Hund’s coupling; Tc at an optimum combination of the two lower
chalcogen height in both bulk and monolayer FeSe/STO the Fe-dxy state is pushed below the Fermi energy at Γ point, leads
to coherent spectral features and lowered Tc.
It is particularly easy to see at the QSGW level (see
blue band in SM, Fig. 4), reaching about EF − 160 meV
when hSe=0.23. From c-RPA we compute the corre-
sponding U and J : 3.9 eV and 0.71 eV respectively. A
similar shift is found in the spectral function calculated
by QSGW+DMFT (Fig. 1). Further, the change in
hSe causes quasi-particles to become coherent with or-
bital selective quasi-particle weights ranging between 0.6
to 0.75. Scattering rates become weaker as well (20-40
meV). Thus the system appears to be a good metal. The
peak in Imχ(q, ω) at (1/2, 1/2) shifts to higher ω and be-
comes very weak (Fig. 2). Eigenvalues of the Eliashberg
equations become negligibly small, suggesting extremely
weak or no superconducting instability: Tc is estimated
to be on the order of 1 K, and moreover it becomes com-
pletely insensitive to J .
That the dxy orbital controls the transition from bad-
metal, superconductor to good metal without super-
conductivity can be seen by parameterizing the QSGW
Hamiltonian around its ab initio point in carefully con-
trolled manner that targets the dxy orbitals. We add an
artificial Hubbard U to the QSGW Hamiltonian, on the
Fe 3d states. We use an artificial density matrix n that
shifts only the potential on the dxy partial wave. To com-
pensate for the shift in EF caused by dxy shifting down,
we simultaneously adding a uniform background charge
Q. The net effect is to shift states of dxy character while
leaving all of the other states nearly unchanged. We per-
formed this parameterization for two sets of (n, U , Q):
the first inducing a shift ∆V = nU = −0.1 eV, compen-
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FIG. 2. The energy and momentum resolved spin susceptibility Imχ(q, ω) (in the top panel from left to right) shown for bulk
FeSe (B-FeSe) (J=0.6 eV), bulk FeSe with increased Hund’s correlation (J=0.68 eV), and reduced Fe-Se height (hSe=0.23).
Imχ(q, ω) (in the bottom panel from left to right) for FeSe/STO48, FeSe/STO with hSe = 0.2655 and hSe = 0.24. The
q-path (H,K,L=0) chosen is along (0,0)-( 1
2
, 0)-( 1
2
, 1
2
)-(0,0) in the Brillouin zone corresponding to the two Fe-atom unit cell.
The intensity of the spin fluctuations at ( 1
2
, 1
2
) is directly related to the presence of the Fe-dxy state at Fermi energy and its
incoherence. The more incoherent the A(k,ω) is the more intense is the Imχ(q = ( 1
2
, 1
2
, 0), ω).
sated by 0.155e background charge, the second shifting
dxy by ∆V = nU = −0.2 eV, compensated with 0.211e
background charge. The QP band structures are remark-
ably similar to the ab initio case, apart from the shift in
the dxy band (compare band bottom panels in SM, Fig. 4,
to top left panel). Changes to the QSGW+DMFT spec-
tral function, susceptibility and Eliashberg eigenvalues
are very similar to those caused by changes in hSe: the
spectral function becomes more coherent, the intensity
of Imχ(q, ω) at (1/2, 1/2) becomes weak and Tc becomes
very small.
These two parametric studies establish that for crys-
talline FeSe, Tc is controlled by two key parameters. For
Tc to be high, the dxy state must be close to, or crossing
EF . Once this favorable band structure emerges, large
Hund’s coupling can strongly enhance the incoherence
and subsequently confine spin fluctuations to low ener-
gies and enhance the intensity in the vicinity of the an-
tiferromagnetic q vector.
We finally turn to a monolayer of FeSe on STO. We
take the structural inputs from a recent study by Mon-
dal et al.48 which finds the minimum-energy value for
hSe within a combined DFT+DMFT framework. As a
benchmark, that work found for bulk crystalline FeSe,
the equilibrium hSe to be close to the measured value
53
(while DFT underestimates it). The same theory ap-
plied to FeSe/STO predicts hSe shrinks to 0.254 (DFT
also predicts δhSe < 0).
A QSGW calculation for the monolayer at hSe=0.254
shows that the dxy band is pushed down to EF−30 meV
on the Γ-Z line (Fig. 4 in SM, left middle panel). By
performing c-RPA we obtain U=3.6 eV and J=0.68 eV.
Moving to QSGW+DMFT, small and orbital depen-
dent Z factors (0.28, 0.34, 0.31, 0.39 on xy, z2, yz+xz,
x2−y2) are extracted from similar analysis performed in
the crystalline case, and the scattering rate continues
to be largest on dxy. Imχ(q, ω) continues to be domi-
nated by fluctuations in the dxy channel. (1/2, 1/2) is
still the most intense peak (more intense than the bulk).
That the dispersion in Imχ(q, ω) is narrowed, and inten-
sity at (1/2, 1/2) concentrated at small ω, suggest that
FeSe/STO is more correlated than the bulk. Also of the
two leading eigenvalues of the Eliashberg equation, the
(dominant) s± survives, but the second (dx2−y2) insta-
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FIG. 3. The superconducting susceptibility, corresponding to the leading (top) and lagging (bottom) eigenvalues of the solutions
to the linearized Eliashberg equations, ∆(q, ω = 0) are shown for bulk FeSe (J=0.6 eV), bulk FeSe with increased Hund’s
correlation (J=0.68 eV), reduced Fe-Se height (hSe=0.23), FeSe/STO
48, FeSe/STO with hSe=0.2655 and hSe=0.24. The
leading superconducting instability in all cases has extended s-wave character, while the lagging instability has dx2−y2 character
only when the dxy state contributes to the hole pockets.
bility gets suppressed. Whenever the dxy state is pushed below EF at Γ and yet continues to be present at the
6electron pockets, the only surviving superconducting in-
stability is the s± state, consistent with the earlier pre-
dictions31,32 . The leading superconducting instability
results in an estimated Tc=26 K. We also find that the Tc
is insensitive to J. This estimate is lower than Tc=80 K
observed for FeSe/STO. The origin of the discrepancy
may be due to the fact that interface can have several
other effects absent in the present electronic theory, the
phonons and dipolar effects are also missing.
To confirm that Tc is sensitive to the position of dxy, we
recalculate QSGW bands, QSGW+DMFT self-energy,
χ, and the pairing susceptibility for a pair of geometries:
one with hSe smaller than the (calculated) equilibrium
value (hSe=0.254) and the other larger. For hSe=0.24,
QSGW puts the dxy state at EF−130 meV on the Γ-Z
line (right panel, Fig. 4). At the DMFT level, we find the
system to be a coherent good metal; quasi-particle weight
ranging between 0.56 to 0.42 and small scattering rate,
with an upper bound 38 meV. Imχ(q, ω) shows weaker
spin fluctuation dominated by low-energy (1/2, 1/2) peak
and Tc drops to 1.2 K. The superconducting instability
has extended s± structure and loses the dx2−y2 instabil-
ity, similar to the bulk when hSe was reduced. Increasing
hSe has the opposite effect. At hSe=0.2655 (correspond-
ing to the bulk value), Tc increases to 56 K; both s±
and dx2−y2 instabilities are present. As in the bulk case,
dxy contributes to the hole pockets at the Fermi energy
(the dxy band sits at EF+40 meV at Γ), and Tc becomes
sensitive to J again. A slightly larger J (J=0.71 eV)
can drive Tc to as high as 122 K. The orbital-resolved
quasi-particle weight varies between 0.24 and 0.38 and
the single-particle scattering rate can be as large as 380
meV for dxy. We also observe significantly enhanced spin
fluctuations at (1/2, 1/2). All observations suggest sig-
nificant enhancement in correlation.
To summarize, evidence from several parametric stud-
ies of FeSe make a unified picture of the origins of super-
conductivity in FeSe. It is mainly of s± character and
is caused by low-energy spin fluctuations concentrated in
a region near the antiferromagnetic ordering vector. In
FeSe such a condition can appear when the Fe dxy orbital
is auspiciously placed near the Fermi level and further,
that the Hund’s J is sufficiently large to induce a high
degree of “bad metallic” behavior. Some of the markers
of a “bad metal” are incoherence in the spectral func-
tion, small and orbital-dependent Z factors, and large,
orbital-dependent scattering rates, which for FeSe are
concentrated in the dxy orbital. Various kinds of param-
eterizations, making small excursions in parameter space
about the ab initio one-body Hamiltonian, enable us to
isolate the role of specific orbitals in the single-particle
band structure and also Hund’s J driving incoherence.
Hund’s coupling can be used as a parameter to tune Tc,
raising the possibility to breach the frontier of Tc=100 K
in iron chalcogenides. A possible way to control J in real
materials is to change the electron screening cloud. We
presented one instance that induced a change (monolayer
vs bulk). Controlling number of layers, applying pressure
to tune Fe-chalcogenide bond length, doping and inter-
calation are some other possibilities. At the same time it
is important to realize it is necessary to control both the
screening and specific features of the single-particle spec-
trum. One of the most promising directions for reach-
ing an optimized Tc appears to be controlling number of
layers and interfaces to simultaneously satisfy both the
promising conditions: lesser electron screening leading to
a larger Hund’s correlation and dxy surviving at the hole
pockets at the Fermi level.
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METHOD
We use our recently developed quasi-particle self
consistent GW + dynamical mean field theory
(QSGW+DMFT)21,38,39, as implemented in the all-
electron Questaal package41,43. Paramagnetic DMFT is
combined with nonmagnetic QSGW via local projectors
of the Fe 3d states on the Fe augmentation spheres to
form the correlated subspace. We carried out the QSGW
calculations in the tetragonal phases of bulk FeSe and
FeSe/STO. DMFT provides a non-perturbative treat-
ment of the local spin and charge fluctuations. We use
an exact hybridization expansion solver, namely the con-
tinuous time Monte Carlo (CTQMC)54, to solve the cor-
related impurity problem.
The one-body part of QSGW is performed on a 16 ×
16×16 k-mesh and charge has been converged up to 10−6
accuracy, while the (relatively smooth) many-body static
self-energy Σ0(k) is constructed on a 8×8×8 k-mesh, ex-
tracted from the dynamical GW Σ(k, ω). Σ0(k) is iter-
ated until convergence (RMS change in Σ0<10−5 Ry).
For all relevant compounds U, J are computed from
our implementation of constrained RPA41, starting from
all electron QSGW band structure. The DMFT so-
lution for the dynamical local self energy is iterated
starting from the QSGW Hamiltonian; it converges in
≈ 20 iterations. Calculations for the single particle re-
sponse functions are performed with 109 QMC steps per
core and the statistics is averaged over 64 cores. The
two particle Green’s functions are sampled over a larger
number of cores (40000-50000) to improve the statis-
tics. We sample the local two-particle Green’s functions
with CTQMC for all the correlated orbitals and compute
the local polarization bubble to solve the inverse Bethe-
Salpeter equation (BSE) for the local irreducible vertex.
Finally, we compute the non-local polarization bubble
G(k, ω)G(k−Q, ω−Ω) and combined with the local irre-
7ducible vertex21,39,43,44 we obtain the full non-local spin
and charge susceptibilities χs,c(Q,Ω). The susceptibili-
ties are computed on a 16× 16× 16 Q-mesh. BSE equa-
tions in the particle-particle pairing channels are solved
on the same k-mesh to extract the susceptibilities and
the linearised Eliashberg gap equations are solved to ex-
tract the eigenvalue spectrum and corresponding pairing
instabilities21,44.
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I. SUPPLEMENTAL MATERIAL
Structural inputs for our calculations, low energy fitting procedure and parameters extracted from DMFT self energy,
the method for extraction of superconducting Tc, superconducting eigenvalue corresponding to the leading instability
and QSGW band structure for different variants of bulk, doped and FeSe/STO are presented. All DMFT and
DMFT+BSE results presented in the main text is performed at 290 K. However, to extract Tc from the temperature
dependence of leading eigenvalue, λ(T ) of gap equation, for all cases, DMFT and DMFT+BSE calculations are
performed between 580 K and 116 K.
9variants 0 0.5 0.6 0.62 0.64 0.66 0.68 0.7 0.8 1.0
B-FeSe (hSe=0.2655) 0.003 0.013 0.067 0.095 0.103 0.43 0.9 0.56 0.41 0.29
B-FeSe (hSe= 0.23) 0.003 0.004
B-FeSe (hSe= 0.24) 0.007 0.007
B-FeSe (hSe=0.25) 0.01 0.014
B-FeSe (hSe=0.26) 0.016 0.04
FeSe/STO (hSe=0.254) 0.25 0.265 0.265
FeSe/STO (hSe=0.24) 0.014 0.014
FeSe/STO (hSe=0.2655) 0.56 0.9
TABLE II. The leading superconducting eigenvalue from the solution of linearized Eliashberg equations for all compounds
and excursion in J (in eV) and for different hSe. For both and monolayer FeSe/STO once the hSe is such that the dxy
state contributes the hole pockets at Fermi level, the superconducting eigenvalue becomes sensitive to Hund’s coupling J and
increases with increasing J.
variants Γx2−y2 zx2−y2 Γxz,yz zxz,yz Γz2 zz2 Γxy zxy
FeSe (hSe=0.23) 0.018 0.74 0.022 0.69 0.020 0.68 0.034 0.61
FeSe/STO (hSe=0.254) 0.022 0.39 0.028 0.31 0.018 0.34 0.17 0.28
FeSe/STO (hSe=0.24) 0.01 0.56 0.016 0.45 0.01 0.52 0.038 0.42
FeSe/STO (hSe=0.2655, J=0.71 eV) 0.08 0.38 0.139 0.27 0.089 0.3 0.38 0.24
TABLE III. Quasi-particle renormalization factor Z, single-particle scattering rate Γ for bulk FeSe with smaller hSe (hSe=0.23)
and FeSe/STO and different choices of hSe.
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FIG. 4. Color weighted QSGW band structure plotted in the range of 0.4 eV above the Fermi energy and 0.8 eV below the
Fermi energy. Top and middle rows correspond to left and right panels in Figs. 1 and 2 (crystalline FeSe on top, monolayer
FeSe in the middle). Left panel is for hSe at its equilibrium value (0.2655 in the crystalline case, 0.254 in the monolayer); right
is for hSe=0.23 in the crystalline case and hSe=0.24 in the monolayer. Red, green and blue colors show projections onto Fe eg,
dxz+dyz, and dxy orbital characters, respectively. Bottom panels show QSGW band structure when modified by a combination
of U added to the QSGW Hamiltonian combined with a constant background charged added to preserve the position of EF , as
discussed in the text. Note the close similarity with the top left panel, except for the shift in the dxy (blue) band. Left panel:
potential shift is ∆V=nU=− 0.1 eV. Right panel: potential shift is ∆V=nU=− 0.2 eV.
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FIG. 5. Orbitally resolved single-particle scattering rate (Γ) and quasi-particle renormalization (Z) factor for Bulk FeSe with
varying Hund’s coupling strength. ImΣ(iω) is fitted to a fourth order polynomial in iω. The mass enhancement, related to the
coefficient (s1) of the linear term in the expansion m
∗/m = 1 + |s1|49, and the intercept |s0|=Γm∗/m
FIG. 6. Temperature dependence of the leading eigenvalue of the linearlized Eliashberg gap equation solved in normal phase
of FeSe bulk (J=0.68 eV). The p-p pairing susceptibility diverges when the leading eigenvalue λ approaches one. The Tc for
all the compounds are extracted in a similar fashion.
